1.Introduction
In recently years, much attention was paid to nanometer-scale quantum structures as key of the fabrication for the next generation integrated electronics. III-V semiconductor materials are attractive for fabrication of such structures owing to availability of highly developed epitaxy techniques with atomic layer precision. However, the surface of these materials are unfortunately much more difficult to control than silicon-based structures. Therefore, hydrogen passivation is expected to be important process in compound semiconductor devices and integrated circuits [1, 2] . It is generally believed that hydrogen readily binds to broken chemical bonds in semiconductors, reducing the electrical activity of a defect, and thereby leading to the enhancement of carrier lifetime and luminescence efficiency [3, 4] . The quantum efficiency depends on the relative magnitude of the carrier radiative recombination rate compared to the non-radiative rate. Several factors, such as the non-radiative recombination centers inside the well and at the heterointerface, carrier tunneling from one to a neighboring well, and process induced-damage, affect the carrier recombination rate and quantum efficiency. Atomic hydrogen introduced into crystalline semiconductors leads to electrical passivation of impurity states, deep levels, as well as unreconstructed surface dangling bonds in materials.
In optical devices, dislocation leads to non-radiative areas and hence higher threshold and shortened device lifetimes. Hydrogen incorporation can lead to a reduction in the number of these non-radiative centers and thus can increase the luminescence efficiency [5] . In spite of the hydrogen passivation is necessary post-treatment, there are almost no reports of the hydrogen effects on InAs quantum dot structures, which have an AlAs matrix layer. In this study, we have investigated the optical characteristics of hydrogenated InAs/AlAs quantum dot structures.
2.Experimental
The high density (>10 11 /cm 2 ) InAs/AlAs quantum dot structures used in this study were grown by metal organic chemical vapor deposition (MOCVD) on semi-insulating GaAs (100) substrate as shown in Fig. 1 . A 200 nm thick GaAs layer was deposited at 700 o C. Then AlAs matrix layer (1 nm) was deposited at the same temperature. In addition, few monolayers thick GaAs (1~3.5 ML) was also deposited to prevent intermixing of aluminum and indium toward InAs QDs. Thereafter, the substrate was cooled down to 500 o C for growth of InAs QDs. To realize the high density structures, 2.6 ML thick InAs QDs were grown on Al(Ga)As matrix layer with very low V/III ratio of 0.3 and very slow growth rate of 0.02 ML/sec. For hydrogen passivation the samples were exposed in hydrogen plasma for the time ranging from 10 to 30 minutes. The pressure of hydrogen was 240 mTorr, rf plasma power density was fixed at 60 mW/cm 2 . The treatment temperatures were at 100 o C and 150 o C. Room temperature photoluminescence (PL) measurements were done using 632 nm line of He-Ne laser for excitation and an InGaAs liquid nitrogen cooled charge-coupled-device detector with lock-in techniques for signal detection. Figure 2 shows that the PL spectra emitted from InAs QDs on 1nm thick AlAs matrix layer. The sample exposed to hydrogen clearly shows an increase in its luminescence intensity. It is surprising thing that we could not observe any luminescence before hydrogen treatment, however we can obtain two orders of magnitude greater than that of before treatment by hydrogen passivation. From the PL spectra, we presume that the hydrogen passivation helps to go up the luminescence intensity, even 450 times improved. This structure has a thin GaAs layer to minimize intermixing and making hole defects [6] as shown in Fig.  1(B) . Thickness of GaAs insertion layer is 2 ML. The rest of structure is same as previous one. As you can see, the rate of increase for PL intensity of treated sample is 50 times as big as that of as-grown sample as shown in Fig. 3 . And there is no severe change of peak position even if plasma exposed on and substrate heated up. It is just blue-shifted slightly. This sample has a 3.5 ML thick GaAs insertion layer as shown in Fig. 1(C) . Referring to Fig. 4(a) , solid line is for after-treated sample and dot line is for as-grown one. The peak position and the full width at half maximum (FWHM) do not change significantly even though RF plasma exposed and substrates heated as previously. From Fig. 4(b) , it was found that the optimal condition for hydrogen passivation is at 150 o C for 10 min. With increasing plasma exposure time, the intensity also goes up. However, the time is over 10 min (at 150 o C), the intensity goes down drastically. It can be explained that the larger exposure time is not advantages so much as defects to the sample. If the substrate temperature increases up to 200 o C or above 200 o C, the non-radiative defects will be created on the surface and in the interfaces of the sample. The enhancement of the PL intensity is thought to be due to the passivation of non-radiative recombination centers like defects in the structures.
3.Result and Discussions

4.Conclusions
We have investigated the optical characteristics of high density (>10   11   /cm 2 ) InAs/AlAs quantum dots structures by hydrogen passivation. The quality of the InAs QD structures does not degrade after the hydrogen plasma treatment. After hydrogen passivation, the PL intensity has been increased by 450 times (maximum). The critical conditions of passivation are at substrate temperature of 150 o C for exposure time of 10 min. Hydrogen passivation would be applicable to reduce defects in the III-V semiconductor and promising to improve the optical properties in QD devices. 
